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In this lecture

Using the datapath to implement three 
instructions.

• adds r1, r2, r3

• str r0, [sp, #48]

• bgt .-4
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adds r1, r2, r3

00011 00 011 010 001

function is +
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An ALU operation
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An ALU 
operation between 

registers

source 2 is r3 source 1 is r2 destination is r1



cMemRd

cCond

Imem

RegFilenextpc

+2

shiftin

ra
nd

2s
el

 

shiftamt sh
ift

se
l 

shcarry

aluin2Shifter
newflags

aluoutALU

flags

cbit

Flags Condx

memout

Dmem

result

re
su

lt 

regwrite

re
gw

rit
e 1 

0 

cRegSelA

cRegSelB

cRegSelC

cWLink

cAluSel
Decode

re
gs

el
A 

re
gs

el
B 

re
gs

el
C

 

lin
ks

el
 1 

0 

cWReg cShiftAmt

cShiftOp

cMemWr

cWFlags

pc

rc

rc

pc

ra

ra

cAluOp

cRegB 

cRegA

cRegC

cLink

Copyright (C) 2019 J. M. Spivey

Single-cycle Thumb datapath
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Selecting registers
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Read reg r2

Read reg r3

Write reg r1

Select with Ry field

Select with Rz field

Select with Rx field
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Rule 3 of 0 ... 31

• Use field Ry[3:5] to select the first register to 
be read.

• Use field Rz[6:8] to select the second register 
to be read.

• Use field Rx[0:2] to select the register to write.
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Instruction cRegSel
A/B/C cRand2 cShiftOp/

Amt
cAlu
Sel

cMem
Rd/Wr

cWFlags/
Reg/Link

3: adds/subs Ry/Rz/Rx



cMemRd

cCond

Imem

RegFilenextpc

+2

shiftin

ra
nd

2s
el

 

shiftamt sh
ift

se
l 

shcarry

aluin2Shifter
newflags

aluoutALU

flags

cbit

Flags Condx

memout

Dmem

result

re
su

lt 

regwrite

re
gw

rit
e 1 

0 

cRegSelA

cRegSelB

cRegSelC

cWLink

cAluSel
Decode

re
gs

el
A 

re
gs

el
B 

re
gs

el
C

 

lin
ks

el
 1 

0 

cWReg cShiftAmt

cShiftOp

cMemWr

cWFlags

pc

rc

rc

pc

ra

ra

cAluOp

cRegB 

cRegA

cRegC

cLink

Copyright (C) 2019 J. M. Spivey

Single-cycle Thumb datapath
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Feeding the ALU
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ALU gets ra 
automatically

We want rb as 
second operand

No need to shift

Select using bit 10

Set shiftamt = 0
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In the control word

• Unusually, use bit 10 of the instruction to 
choose between rb and a 3-bit immediate.

• Shift the second operand (left) by 0 bits.
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Instruction cRegSel
A/B/C cRand2 cShiftOp/

Amt
cAlu
Sel

cMem
Rd/Wr

cWFlags/
Reg/Link

3: adds/subs Ry/Rx/Rz RImm3 Lsl/Sh0
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Single-cycle Thumb datapath
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Performing the operation
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The ALU should 
add its inputs

NZVC are set 
according to the result

No memory transaction

Select using bit 9

cWFlags = T

cMemRd/Wr = F/F
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In the control word

• Unusually, use bit 10 of the instruction to 
choose between rb and a 3-bit immediate 
field.

• Shift the second operand (left) by 0 bits.
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Instruction cRegSel
A/B/C cRand2 cShiftOp/

Amt
cAlu
Sel

cMem
Rd/Wr

cWFlags/
Reg/Link

3: adds/subs Ry/Rx/Rz RImm3 Lsl/Sh0 Bit9 F/F T/ / 
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Single-cycle Thumb datapath

cRand2

enable

enable

instr

rb

alusel

Department of
COMPUTER SCIENCE

Michael Spivey

Writing the result
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The result is 
written to r0

No need to update lr

cWReg = Y

cWLink = N
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In the control word

• Write the result (from the ALU) into the third 
selected register.

• But don’t write lr with the address of the next 
instruction.
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Instruction cRegSel
A/B/C cRand2 cShiftOp/

Amt
cAlu
Sel

cMem
Rd/Wr

cWFlags/
Reg/Link

3: adds/subs Ry/Rx/Rz RImm3 Lsl/Sh0 Bit9 F/F T/Y/N



str r0, [sp, #48]

10010 000 00001100
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A store instruction
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A special 
form of store data from r0

offset 4*12 from sp



str r0, [sp, #48]

• Read registers sp and r0.

• Use the shifter and ALU to compute the 
effective address.

• Perform a write cycle with the data memory.
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The plan
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Single-cycle Thumb datapath
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Selecting registers
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Read reg sp

Don’t care

Read reg r0

Always select sp

Select with Rw field
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Rule 18 of 0 ... 31

• Always select sp as the first register to be 
read.

• Some register will be the second register, but 
we don’t care which.

• Use field Rw[8:10] to select the third register to 
read.
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Instruction cRegSel
A/B/C cRand2 cShiftOp/

Amt
cAlu
Sel

cMem
Rd/Wr

cWFlags/
Reg/Link

18: str sp Rsp/_/Rw
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Single-cycle Thumb datapath
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Feeding the ALU
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ALU gets ra = sp 
automatically

We want offset as 
second operand

Shift left by 2

Select imm8 field

Set cShiftOp = lsl, 
shiftamt = 2
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In the control word

• The second ALU input comes from an 
immediate field.

• The value is scaled by 4, shifting left a 
constant 2 places.
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Instruction cRegSel
A/B/C cRand2 cShiftOp/

Amt
cAlu
Sel

cMem
Rd/Wr

cWFlags/
Reg/Link

18: str sp Rsp/_/Rw Imm8 Lsl/Sh2
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Single-cycle Thumb datapath
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Performing the operation
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The ALU should 
add its inputs

NZVC are unchanged

Write a word to memory

ALUop = add

cWFlags = F

cMemRd/Wr = F/T
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In the control word

• The ALU adds sp and scaled offset to form the 
effective address.

• The value from the third register is written to 
that memory word.

• The flags are unchanged, no result is written to 
a register, and lr is not written.
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Instruction cRegSel
A/B/C cRand2 cShiftOp/

Amt
cAlu
Sel

cMem
Rd/Wr

cWFlags/
Reg/Link

18: str sp Rsp/_/Rw Imm8 Lsl/Sh2 Add F/T F/N/N
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A conditonal branch

bgt .-4

1101 1100 11111100

20

label:
 sub r0, r0, #1
 cmp r0, #100
 bgt label

Conditonal 
branch if greater than

offset 2*(–4) 
relative to pc+4
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The plan

• Use the ALU to compute the branch target 
address, whether needed or not.

• Use the conditional execution unit to write 
back the result into the pc only of the branch is 
taken.
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Single-cycle Thumb datapath
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Selecting registers

22

Read reg pc

Don’t care

Write reg pc

Always select pc

Always select pc
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Rules 26–27 of 0 ... 31

• Always select pc as the first register to be 
read, and the register to be (conditionally) 
written.
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Instruction cRegSel
A/B/C cRand2 cShiftOp/

Amt
cAlu
Sel

cMem
Rd/Wr

cWFlags/
Reg/Link

18:
19:

b<cond> Rpc/_/Rpc
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Single-cycle Thumb datapath

cRand2

enable

enable

instr

rb

alusel

Department of
COMPUTER SCIENCE

Michael Spivey

Feeding the ALU

24

ALU gets ra = pc 
automatically

We want offset as 
second operand, 

but sign-extended

Shift left by 1

Select simm8 field

Set cShiftOp = lsl, 
shiftamt = 1



Department of
COMPUTER SCIENCE

Michael Spivey

In the control word

• Select immediate field as second operand, 
with sign-extension.

• Scale by 2, shifting left by 1 place.
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Instruction cRegSel
A/B/C cRand2 cShiftOp/

Amt
cAlu
Sel

cMem
Rd/Wr

cWFlags/
Reg/Link

18:
19:

b<cond> Rpc/_/Rpc Simm8 Lsl/Sh1
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Single-cycle Thumb datapath
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Performing the operation
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The ALU should 
add its inputs

NZVC are unchanged

ALUop = add

cWFlags = F

The flags determine 
the enable signal
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In the control word

• The ALU adds pc+4 and the scaled and sign-
extended offset.

• No memory transaction needed.

• The flags are used but not changed.

27

Instruction cRegSel
A/B/C cRand2 cShiftOp/

Amt
cAlu
Sel

cMem
Rd/Wr

cWFlags/
Reg/Link

18:
19:

b<cond> Rpc/_/Rpc Simm8 Lsl/Sh1 Add F/F F/ /
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Single-cycle Thumb datapath
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Conditional execution

28

The pc is written if 
the branch is taken

No need to update lr

cWReg = C

cWLink = N
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In the control word

• The branch target is always computed.

• It is written into the pc if the enable signal is 
true.

• There’s no need to update the lr register.
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Instruction cRegSel
A/B/C cRand2 cShiftOp/

Amt
cAlu
Sel

cMem
Rd/Wr
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18:
19:

b<cond> Rpc/_/Rpc Simm8 Lsl/Sh1 Add F/F F/C/N


